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(54) Tifle: METHOD FOR CX)NHGURING AND RECONFIGURING NETWORKS 
(57) Abstract 



A method for configuring or reconfiguring a network consist- 
ing of nodes and links, wherein nodes connected to links compris- 
ing more than one independent sublink are capable of terminating 
or transmitting said independent sublinks, said method compris- 
ing: defining a graph, assigning initial weights to each edge at 
each node, respectively for transmission and termination, choosing 
a first pair of nodes, determining a series of said independent sub- 
links fomitng an optimum path between said first pair of nodes, 
updating the weights assigned to the edges forming said optimum 
path, for each edge of said path in each node along said path, and 
choosing another pair of nodes that is different from said first pair, 
in accordance widi said first criterion, and repeating said process 
of determining a path, updating the weights and choosing a further 
pair of nodes. 
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Method for C onfiguring and Reconfiguring Networks 



[Background of the invention] 

The present invention relates to a method for configuring 
or reconfiguring a communications network comprising nodes 
and links, where at least some of said links are such that 
they comprise more than one independent sublink between 
two nodes. 

An independent sublink in this sense means that each 
siablink between two nodes can carry a signal independently 
of signals carried along other sublinks between - said two 
nodes. An example of such a communications network is an 
optical WDM network (WDM = Wavelength Division 
Multiplexing) , in which the links carry optical signals 
between the nodes, and in which a plurality of wavelengths 
defines a plurality of sublinks, i.e. each wavelength can 
be used to independently carry a signal. In this case the 
sublinks are logical links. Another example is an optical 
SDM network (SDM = Space Division Multiplexing) , in which 
a plurality of fibers contained in a cable constitutes a 
link and each fiber can independently carry a signal. In 
this case the sublinks are physical links. 

Fig. 1 shows a simplified example of such a network. Nodes 
1/ 3, 5 and 7 are connected by links 2, 4 and 6. This 
arrangement 1-7 constitutes a topology on the physical 
level . 

In the above example, each link comprises two sublinks, 
respectively denoted by a and b. Each node can be set to 
execute at least two functions, namely terminating a 
sublink or transmitting a sublink. Termination means that 
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a node is set such that the sublink ends at that node in 
the sense that the corresponding signal is extracted from 
the network, whereas transmission means that the node is 
set such that a sublink is not terminated. In other words, 
5 transmission means that an incoming signal is necessarily 
output by the node, whereas termination means that the 
signal can be removed from the network. It is possible 
that a signal from a terminated sublink is reentered into 
the network, but that does not change the status of said 
10 sublink as terminated, because the signal is not 
necessarily again output from the node, as this would be 
if the sublink were set for transmission. Much rather, the 
processing of the signal from the terminated sublink, 
which consists in either permanently removing the signal 
15 from the network and e.g. routing it to the signal's 
destination in the vicinity of the node, or in 
reintroducing the signal into the network at the node, is 
in the domain of momentary traffic control, whereas the 
setting of a node for transmission or termination is in 
the domain , of the configuration, which is not influenced 
by the momentary traffic control, as will be explained 
further on. 



20 



As an example, in a WDM network termination means that the 
25 optical signal is removed at that node and converted into 
an electrical signal and demultiplexed for further 
processing. On the other hand, transmission means that an 
optical signal coming into a node on a specific wavelength 
is necessarily output from said node as an optical signal, 
30 be it of the same wavelength or of another (the 
possibility of wavelength shifting is not relevant to the 
problem underlying the invention and will therefore not be 
explained here, but will be explained in connection with 
specific embodiments of the invention) . Naturally, a 
35 signal on a terminated wavelength that has been converted 
and demultiplexed into an electrical signal can be 
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multiplexed again and converted into an optical signal, to 
then be reintroduced into the optical WDM network at the 
same node. However, termination and transmission are 
clearly distinct, as transmission of a wavelength means 
that the data on an optical signal of a given wavelength 
coming into said node are necessarily output as an optical 
signal (regardless of how the signal is transferred from 
the incoming sublink to the outgoing sublink, i.e. by 
Optical Add-and-Drop Multiplexers, Optical Cross 
Connection or Electrical Cross Connection) from said node, 
i.e. not terminated,- whereas termination means that the 
incoming signal is converted and demultiplexed, after 
which the signal can be reintroduced, but does not have to 
be . 



This is explained in connection with Fig. 2a and 2b. Fig. 
2a shows the same example as Fig.l, but indicates a 
specific configuration of the general topology shown in 
Fig. 1. As can be seen in Fig. 2a, sublink 2a is 
terminated (Te) at node 3, whereas sublink 2b is 
transmitted to sublink 4b. In the example of Fig. 2a, 
sublink 4b is in turn transmitted through node 5 to 
sublink 6b, so that sublinks 2b, 4b and 6b establish a 
path between nodes 1 and 7. On the other hand, sublinks 4a 
and 6a are terminated at the node pairs 3,5 and 5, 7 
respectively. Such an arrangement of nodes being set to 
transmit or terminate defines a logical topology above the 
physical level. This logical arrangement is referred to as 
a configuration of the network. 

In a real network, the configuring is done before starting 
to employ the network for communication, and the 
configuration will remain as it is during the operation of 
the network. In other words, the momentary routing of 
traffic through the network is accomplished without 
changing the configuration, i.e. at fixed configuration. 
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However/ if the demands on the network drastically change 
(e.g. the average traffic between two nodes changes 

considerably) or the situation in the network changes 
(e.g. a specific node fails), then generally a change in 

the configuration is necessary, which is referred to as 

reconfiguration . 

According to the configuration shown in Fig. 2a, a 
communication e.g. between node 1 and node 7 can take 
place over path {2b-4b-6b) , or over paths (2a), (4a) and 
(6a). It is clear that a communication over paths (2a), 
(4a) and (6a) implies that the respectively terminated 
signals are reintroduced into the network. A communication 
between nodes 1 and 5 can take place over paths (2a) and 
(4a), or over the paths (2b-4b-6b) and (6a). Please note 
that in the present example the sublinks 2a - 6b are 
assumed as being bidirectional. 

As can be seen, the term path refers to one or more 
connected sublinks that are terminated at each end. 

The physical network of Fig. 1 is not restricted to the 
configuration shown in Fig. 2a. Much rather, other 
configurations are possible, such as the one shown in Fig. 
2b. Here, sublinks 2b and 4b form a path (2b-4b) between 
nodes 1 and 5, sublinks 4a and 6a form a path (4a-6a) 
between nodes 3 and 7, sublink 2a establishes a path (2a) 
between nodes 1 and 3, and sublink 6b establishes a path 

(6b) between nodes 5 and 7. Due to this specific 
configuration, a direct communication between nodes 3 and 
5 is not possible, much rather paths {2a) and (2b-4b) or 

(4a-6a) and (6b) must be chosen. Another possible 
configuration, which is not shown, would be having each 
sublink terminated at each node to which is connected, 
i.e. forming paths only between neighboring nodes. 
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It is readily apparent that the number of possible 
configurations depends on the nxunber of nodes, links and 
sublinks per link. With increasing numbers of nodes, links 
and sublinks, the number of configurations becomes 
5 extremely large. On the other hand, once a specific 
physical network is given, it is necessary to determine a 
configuration that fulfills the requirements set for 
communication, while at the same time fulfilling one or 
more criteria, such as high communication speed, low loss, 
10 low equipment cost, etc. These criteria can be mutually 
exclusive, competing or mutually beneficial. The same 
challenge arises in reconfiguration. 

As can be seen in the comparison of Figures 2a* and 2b, 
15 the configuration of Fig. 2a is advantageous if there is a 
strong traffic demand between nodes 1 and 7 and it is 
desired that the traffic be held on the network level,, 
i.e. there be little signal processing in the nodes, 
whereas the configuration of Fig. 2b is advantageous if 
20 there is a strong traffic demand between nodes 1 and 5 and 
3 and 7. However, the example of Fig. 2 is simplified and 
real networks are far more complicated. Due to the 
prohibitively large number of possible configurations in 
real networks, a simple testing of all possible 
25 configurations for compatibility with the requirements and 
supplementary criteria is not possible. 

Also, the above example is simplified in the sense that it 
only shows a basic type of transmission. In this basic 

30 transmission, a sublink of type "a" is either terminated 
or transmitted to another sublink of type "a". The 
possibility of transmitting a sublink of type "a" to a 
sublink of type "b" is not contemplated. However, there 
exist nodes, in which a transmission from one type of 

35 sublink to another type, i.e. from one sublink having a 
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specific characterizing property to another sublink having 
a different characterizing property. 

A practical example of nodes that typically only transmit 
a sublink having a specific characterizing property to 
another sublink of the same property, are OADM nodes (OADM 
= Optical Add-and-Drop Multiplexers) in a WDM network. In 
keeping with the above mentioned examples of Figures 1 and 
2, the different sublinks along one link would be 
different wavelengths, e.g. 2a, 4a and 6a a wavelength WLl 
and 2b, 4b and 6b a wavelength WL2. In other words, in 
this example the wavelength is the characterizing 
property. The configuration of node 3 Fig. 2a would then 
mean that wavelength WL 1 is terminated at said node, 
whereas wavelength WL2 passes through, i.e. is 
transmitted. In other words, in a WDM network using OADM 
nodes, a signal coming in at a given wavelength is either 
terminated, i.e. subjected to processing such as 
conversion from optical to electrical, or passed through 
and sent out again at the same wavelength. It may be noted 
that the transmission is achieved by an optical switch. 

However, there also exist nodes that additionally allow a 
change in the characterizing property and/or the 
transmitting of one sublink onto a plurality of other 
sublinks. An example in a WDM network are OXC nodes (OXC = 
Optical Cross-Connect) . In keeping with the example of 
Fig. 1, and assuming that the individual sublinks are 
individual wavelengths, then an OXC node could not only be 
set to terminate or transmit an incoming wavelength to the 
same wavelength, but also change from one incoming 
wavelength to a different outgoing wavelength and/or 
transmit to one of a plurality of sublinks of the same 
quality. In other words, if node 3 in Fig. 1 were an OXC 
node, sublink 2a (WLl) in Fig. 1 could not only be 
terminated or passed through to sublink 4a (WLl), it could 
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also be transmitted to sublink 4b (WL2) • Such property 
changing nodes become important when more than two lines 
are connected to a node, because then configuring means 
that an incoming sublink must be able to be transmitted to 
5 more than one outgoing sublink. 



It is readily understandable that such an additional 
possibility makes the problem of configuration or 
reconfiguration in accordance with the requirements and 
10 criteria even more complicated. 

[Prior Art] 

The standard approach to the design, configuration and 
15 optimizing of WDM networks is to decompose the problem 
into the following sub-problems, in given order: 

- determine the virtual topology (the lightwave paths) 

- assign a wavelength to each lightpath (also referred to 
as WA, i.e. wavelength assignment), and 

20 - route the traffic over the lightpaths. 

The advantage of this approach is that the complex overall 
problem is divided into subproblems having a smaller 
niomber of variables and hence lower complexity, because 

25 the complexity (which determines running time) of 
algorithms is proportional to a (e.g. polynomial or 
exponential) function of the nxomber of variables. The 
disadvantage is that the subproblems are solved 
sequentially, which deteriorates the quality of the 

30 solution for the overall problem. 



Such methods are e.g. disclosed in "A Heuristic Wavelength 
Assignment Algorithm for Multihop WDM Networks with 
Wavelength Routing and Wavelength Re-Use" by Z. Zhang and 
35 A.S. Acampora, in Transactions on IEEE Networking, vol. 3, 
no. 3, June 1995, pages 281 - 288, in "Routing and 
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Wavelength Assignment in All-Optical Networks" by R, 
* 

Ramaswami and K.N. Sivarajan, in IEEE Transactions on 
Networking, vol. 3, no. 5, October 1995, pages 489 - 500, 
or in Performance of All-Optical Networks with Limited- 
5 Range Wavelength Conversion" by H. Harai, M. Murata and H. 
Miyahara, in ICC 97 - IEEE International Conference on 
Communications, Montreal, June 1997. These documents 
relate to methods that deal with specific aspects of 
certain networks and use the above mentioned decomposition 
10 following specific criteria. 

It is also known in the art to apply graph theory to 
solving problems dealing with networks. Examples are the 
above mentioned paper by Harai et al., a paper titled 

15 "Lightpath (Wavelength) Routing in Large WDM Networks" by 
I. Chlamtac, A. Farago and T. Zhang, in IEEE Journal of 
Selected Areas in Communications, vol. 14, no. 5, June 
1996, pages 909 - 913, which presents an algorithm for 
lightpath routing by transforming the network into a 

20 special structure called a wavelength graph, and WO 
97/05714, which describes a technique for optimal 
allocation of multiplexing equipment and distribution of 
load in a fiber optic network. 



25 [Object of the invention] 

The object of the present invention is to provide a 
generalized method for configuring or reconfiguring a 
given network that does not divide the procedure into the 
30 above mentioned three steps but still has low complexity, 
and which is not restricted to being employed in 
conjunction with one type of network or to specific 
criteria for optimization. 



35 



[Disclosure of the present invention] 
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This object is solved by a method for configuring or 
reconfiguring a network consisting of nodes and links, 
where at least some of said links comprise more than one 
independent sublink, said independent sublinks being 
5 capable of transmitting a signal independently of the 
other sublinks in said link, wherein said nodes connected 
to said links comprising more than one independent sublink 
are capable of at least being set such that each 
independent sublink is terminated at said node or 
10 transmitted to another independent sublink, said method 
comprising: 

defining a graph in which edges represent sublinks, 
parallel edges represent links that comprise said sublinks 
and vertices and edges represent nodes, assigning initial 

15 weights to each edge at each vertex, respectively for 
transmission and termination, according to a first 
predetermined criterion, choosing a first pair of nodes 
according to a second predetermined criterion, determining 
a series of said independent sublinks forming a specific 

20 path between said first pair of nodes, wherein said 
specific path- fulfills a third predetermined criterion 
with respect to the other possible paths between said 
first pair of nodes, said third criterion for determining 
a path being associated with the weights of the edges 

25 along a path, updating the weights assigned to the edges 
forming said specific path, for each edge of said path in 
each node along said path, wherein 

- the weight for transmission assigned to an edge that in 
said path is transmitted through said node is decreased 

30 with respect to the initial weight for transmission, 

- the weight for transmission assigned to an edge that in 
said path is terminated at said node is increased with 
respect to the initial weight for transmission, 

- the weight for termination assigned to an edge that in 
35 said path is transmitted through said node is increased 

with respect to the initial weight for termination, and 
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- the weight for termination assigned to an edge that in 
said path is terminated at said, node is decreased with 
respect to the initial weight for termination, 
choosing another pair of nodes that is different from said 
first pair, in accordance with said first criterion, and 
repeating said process of determining a path, updating the 
weights and choosing a further pair of nodes until a 
fourth predetermined criterion is fulfilled. 



10 The method of the invention, which in its core consists in 
determining pairs of nodes, determining a path that is 
optimal in accordance with a given criterion between said 
nodes and then updating the weights for the edges and 
repeating the process, when it is applied to- optical 

15 networks, solves the above mentioned routing and 
wavelength assignment problems simultaneously while it 
nonetheless has a low complexity. 

Also, a characteristic of the method of the present 
20 invention is that it is not restricted to a specific type 
of network (optical, electrical), much rather it can be 
employed for configuring any network that comprises the 
above mentioned nodes and links. Furthermore, it is also a 
characteristic of the method of the present invention that 
25 it can be employed in conjunction with any type of 
optimization criterion, i.e. is not restricted to specific 
criteria. In other words, the method of the present 
invention is highly flexible. 

30 

[Brief description of figures] 

The present invention will become more readily 
understandable in light of the following detailed 
35 description of embodiments thereof, when taken together 
with the appended figures, in which: 
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Fig. 1 is a schematic representation of a simplified 

network for explaining the problem of 
configuring a network; 

5 

Fig. 2A shows one schematic configuration of the network 
shown in figure 1; 

Fig. 2B shows another schematic configuration of the 
10 network 

shown in figure 1/ 

Fig. 3 is a flow chart showing the basic procedure of 
the 

15 method according to the present inventions- 

Fig . 4a shows a schematic example of a node having two 
links, 

where each link has three sublinks; 



20 



Fig. 4b shows the edges and vertices representing the 
node 



and links of Fig. 4a, and explains the assigning 
of weights; 

25 

Fig. 4c shows -only the graph representing the 
arrangement of 

Fig. 4a; 

30 Fig. 5a shows a schematic example of a node having four 
links, where each link has three sublinks; 

Fig. 5b shows the edges and vertices representing the 
node 

35 and links of Fig. 5b, and explains the assigning 

of weights; 
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Fig. 5c shows only the graph representing the 
arrangement of 

Fig. 5a; 

5 

Fig. 6a shows an example of networks- 
Fig . 6b shows the graph that models the links of the 
network 
10 of Fig. 6a; 

Fig. 6c shows the graph that models the links and nodes 
of 

the network of Fig. 6a; 

15 

Fig. 7a shows one model of an OADM node; 
Fig. 7b shows another model of an OADM node; 
20 Fig. 7c shows yet another model of an OADM node; and . 
Fig. 8 shows a model of an OXC node. 
[Detailed description] 

25 

Figure 3 shows a flow chart that explains i:he basic 
procedure of the present invention. 

In a first step 81, a graph consisting of edges and 
30 vertices is defined on the basis of the network to be 
configured. A vertex is the end of an edge, so that each 
edge has two vertices. The graph is defined such that 
edges represent sublinks, parallel edges represent links 
that comprise said sublinks and vertices and edges 
35 represent nodes. 
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An example is shown in Fig. 6a, 6b and 6c, where Fig. 6a 
shows a network topology consisting of nodes and links. 
Fig. 6b shows the corresponding graph consisting of edges 
and vertices that represent the links shown in Fig. 6a. As 
can be seen, the links in Fig. 6a are assumed to have 
three sublinks each, so that three parallel edges 
represent each link. Fig. 6c additionally models the nodes 
shown in Fig. 6a. As can be seen, in the present example 
the nodes represented by 601 to 605 are assumed to be such 
that each sublink can only be transmitted to one other 
sublink (represented by a line between the vertex of one 
edge and the vertex of another edge) or can be terminated 
(represented by a line leading out of the dashed box) . The 
node represented by 606 is assumed to be such that each 
sublink can be transmitted to each other sublink, which is 
represented by each vertex being connected to each other 
vertex, or can be terminated, which is represented by 
lines leading from the vertices to the outside of the 
dashed box. The graph shown in Fig. 6c is a connected 
20 graph . 



10 



15 



More examples of modeling nodes are shown in Fig. 7. In 
Figures 7a to 7c four edges 701 to 704 are shown, 701, 702 
coming from the right, 703, 704 coming from the left. 

25 These represent two sublinks respectively. Fig. 7a shows a 
model of a an OADM (optical add and drop multiplexing) 
node in a WDM network, in which only transmission from one 
sublink to another sublink is allowed (represented by the 
line between two vertices), or termination (represented by 

30 lines leading outside of the dashed box) . Fig. 7b shows a 
model of an OADM node having the capabilities shown in 
Fig. 7a, but additionally allowing wavelength translation. 
Wavelength translation means that one wavelength (i.e. 
sublink) can be switched to a different wavelength. 

35 Accordingly each vertex from an edge representing a 
sublink is connected to the two vertices on the other 



wo 99/46951 




PCT/EP99/01547 



14 

side, i.e. additional lines 705, 706 are added. Finally, 
Fig. 7c shows the model of an OADM node having the 
capabilities already shown in Figures 7a and 7b, but 
additionally having the so called loop back function, 
5 which means that a sublink in one link can be switched to 
another sublink in the same link. In other words, the 
wavelength in one link can be translated into another 
wavelength in the same link. This is represented by the 
lines 707, 708 connecting the vertices on the right side 
10 with one another, and those on the left side with one 
another, respectively. 

Figure 8 shows another example of a model of a node. The 
model represents an OXC (optical cross connect) node in a 

15 WDM network. Four edges 801-804 come from the top, and 
four edges 805-809 come from the bottom. Each edge 
represents a wavelength. The node is such that it can 
transmit the wavelength to the same wavelength on another 
link (as in the case of the OADM node in Fig. 7a), can 

20 translate the wavelength to another wavelength on another 
link (as in the case of the OADM node shown in Fig. 7b), 
and can loop back the wavelength to another wavelength on 
the same link (as in the case of the OADM node shown in 
Fig. 7c) . It should however be noted that this example 

25 node does not provide termination, and therefore the model 
does have any corresponding lines. The present invention 
is naturally also applicable to this case. 



Then, in step S2, weights are assigned to each edge at 
30 each node, at least one for termination and one for 
transmission. If the edge to which weights are being 
assigned can be transmitted to more than one other edge 
(i.e. the corresponding node is such that a sublink can be 
transmitted to more than one other sublink, e.g. an OXC 
35 node in a WDM network) , then each possible transmission is 
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assigned a weight. This is explained in connection with 
figures 4 and 5. 

Fig. 4a shows a node 12, into which two links 10 and 11 
lead. The links are represented by three lines, which is 
intended to indicate that each link comprises three 
sublinks. As an example, the node and links in Fig. 4a 
could be an OADM node in a WDM network, in which case the 
three sublinks would be three different wavelengths. It is 
assumed that node 12 is such that each sublink of one link 
can be terminated or transmitted to one sublink of the 
other link. Furthermore, the links are assumed to be bi-- 
directional. _ 

Fig. 4 c shows the graph corresponding to the nodes and 
links shown in Fig. 4a, where 101, 102 and 103 refer to 
the edges that correspond to the sublinks in link 10, 111, 
112 and 113 refer to the edges that correspond to the 
sublinks in link 11. Reference numerals 101a to 103a and 
111a to 113a represent the vertices associated with edges 
101 to 103 and 111 to 113, respectively. 



Fig. 4b shows the graph of Fig. 4c and explains the 
assignment of weights for said graph. The box referred to 
as 130 is not a part of the graph, but is included in Fig. 
4b to better explain the assigning of weights. Furthermore 
the rectangle referred to as 120 indicates node 12, which 
is represented by the edges and vertices therein. The 
dashed lines between edge 101 and box 130, and between 
30 edge 111 and box 130 represent the termination of the 
corresponding sublinks, whereas the dash-dot line between 
edges 101 and 111 represents the transmission between the 
corresponding sublinks. Accordingly, edge 101 is assigned 
weight Term{101) for termination and weight Trans (1) for 
transmission. Edge 111 is assigned weight Term{lll) for 
termination and the same weight as edge 101 for 
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transmission, i.e. Trans (1), because setting the edges 101 
and 111 to transmission is mutual, 

A similar assigning of weights to edges 102, 103 and 112/ 
113 is performed/ which for the sake of clarity is not 
shown in Fig. 4b. In other wordS/ edge 102 is assigned a 
weight Term(102) for termination and a weight Trans (2) for 
transmission, where Trans (2) is also the weight for 
transmission of edge 112. Similarly, edge 103 is assigned 
a weight Term(103) for termination and Trans (3) for 
transmission, where Trans (3) is also the weight for 
transmission of edge 113, Finally, weights Term{112) and 
Term(113) for termination are also assigned to edges 112 
and 113, respectively. 

Fig. 5a shows a node 20, into which four links 21, 22, 23 
and 24 enter. Each link is represented by three lines, to 
thereby indicate that each link comprises three sublinks. 
As an example, node 20 could be an OXC node in a WDM 
network. In this case the three sublinks would be three 
different wavelengths. It is assumed that each sublink can 
be terminated or transmitted to one of the eleven 
remaining sublinks. The links in Fig. 5a are assumed to be 
bi-directional • 

Fig. 5c shows the graph corresponding to the arrangement 
of Fig. 5a. The edges 211, 212, and 213 represent link 21, 
the edges 221, 222 and 223 represent link 22, the edges 
231, 232 and 233 represent link 23, and the edges 241, 242 
and 243 represent link 24, Reference numerals 211a to 
213a, 221a to 223 a, 231a to 233a and 241a to 243a 
represent the vertices associated with edges 211 to 213, 
221 to 223, 231 to 233 and 241 to 243, respectively. 



35 



Fig. 5b shows the graph of Fig. 5c and explains the 
assigning of weights in said graph. Similarly as with box 
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130 in Fig. 4b, the boxes 250 in Fig. 5b are not part of 
the graph, but serve the purpose of better explaining the 
termination. Furthermore the rectangle referred to as 200 
indicates node 20, which is represented by the edges and 
5 vertices therein. The dashed lines between edge 231 and 
box 250 represents the termination and is accordingly 
assigned a weight Term (231) for termination. Again, for 
the purpose of clarity in the figure, not all weights for 
termination are shown, but it is to be understood that 
10 each edge is assigned a weight for termination Term (edge) . 
As examples. Fig. 5b furthermore shows the weights for 
termination Term{211) , Term(223) and Term(243) that 
terminate edges 211, 223 and 243, respectively. ^ ^- 

15 Fig. 5b also shows dash-dot lines between edge 231 .-and 
edges 211 to 213 and 221 to 223. These dash-dot lines 
represent transmission between the respective edges, i.e. 
the corresponding sublinks. In accordance with the 
assumptions mentioned in connection with Fig. 5a, it is to 

20 be understood that a transmission can also be set between 
edge 231 and edges 232, 233, 241, 242 and 243, but this is 
not shown in Fig. 5b for the sake of making the figure 
easier to understand. Also Fig. 5b only shows one weight 
for transmission Trans (231/221) between edges 231 and 221, 

25 but it is to be understood that each transmission between 
two edges X and Y (where X and Y represent the edges), is 
assigned a weight for transmission Trans (X/Y) . In summary, 
each edge X is assigned a weight for termination Term(X) 
and 11 weights for transmission Trans (X/Y), where Y 

30 represents the remaining eleven edges, respectively. 
Similarly as in the case of Fig. 4b, transmission is 
mutual, so that the weight for transmission Trans (X/Y) is 
assigned to both edges X and Y, 

35 Regarding the size of the weights assigned to each edge, 
the present invention is again characterized by its 
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flexibility, as any suitable criterion can be applied for 
choosing these sizes. In other words, this criterion can 
be determined before applying the method of the present 
invention, depending on the requirements, restrictions and 
5 properties of the network to be configured, and on how the 
network is to be optimized. This will be explained in more 
detail further on. 

Referring now again to Fig. 3, the step of assigning 
10 initial weights (S2) is followed by step S3, in which a 
first pair of nodes is chosen. The criterion for choosing 
the pair can again be flexibly chosen in accordance with 
the requirements and constraints of the individual 
application. This will also be explained in more detail 
15 further on. As an example, the first node pair can be 
determined on the basis of traffic demand as the pair 
between which the average traffic demand is highest. 

Then, in step S4 an "optimum" path between the two nodes 

20 is determined on the basis of, the weights encountered 
along the path, A path is a sequence of sublinks (edges) 
between the two nodes. The weights encountered along the 
path are the weights for termination or transmission that 
make up the path, and the possible weights for the edges 

25 (sublinks) , Sublinks can e.g. all have weights of zero, 
but can just as well also have weights assigned to them 
that are larger than zero. This can be better understood 
by referring again to the examples shown in Fig. 4b and 
5b. One possible path through node 120 in Fig. 4b is 

30 constituted by edge 111, the transmission to edge 101 and 
then edge 101. The encountered weights are then simply 
Trans (1). On the other hand, along the path that is 
constituted by edge 111, the termination (symbolized by 
the dashed line to box 130), the reentering into the 

35 network to edge 101 (symbolized by the dashed line between 
box 130 and edge 101) and edge 101, the weights are 
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Term(lll) and Term(lOl). Another possible path through 
node 120 would be from edge 111, through termination and 
reentering over 130 to edge 102 or 103. In these cases the 
encountered weights would be Term(lll) and Term(102) (not 
shown in Fig. 4b) or Term(103) (not shown in Fig. 4b). It 
is clear that any way that leads from one edge into node 
120 to another edge into 120, constitutes a part of a path 
leading through node 120. 

As an example, if the network of Fig. 1 were to be 
configured, and the two above mentioned nodes were nodes 1 
and 1, then paths from 1 to 7 would lead through nodes 3 
and 5, i.e. nodes 3 and 5 would contribute to the 
encountered weights in the way explained above in 
connection with Fig. 4b. 

It is readily understandable that the weights encountered 
along a path are determined in a similar way in the 
example shown in Fig. 5b. For example, the weight 
encountered along the path that has edge 231, the 
transmission to edge 221 and edge 221 as a part would be 
Trans (231/221) , whereas the weights encountered along the 
path that has edge 231, the termination (symbolized by the 
dashed line from 231 to box 250) , the reentering at edge 
211 (symbolized by the dashed line from box 250 to edge 
211) and edge 211 as a part, are Term(231) and Term(211) . 

The criterion for what is to be considered as an optimum 
path can be flexibly chosen, as will again be explained in 
more detail further on. As an example, the criterion can 
be that the path with the lowest summed weight, where the 
summed weight is the sum of all the weights encountered 
along the path, is the optimum path. 



35 



Returning now to the basic procedure explained in Fig. 3, 
after having determined the optimum path in S4, the 
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weights assigned to the edges forming the determined path 
are updated in step S5, such that, for each node on said 
path 

- the weight for transmission assigned to an edge that in 
5 said path is transmitted through said node is decreased 

with respect to the initial weight for transmission, 

- the weight for transmission assigned to an edge that in 
said path is terminated at said node is increased with 
respect to the initial weight for transmission, 

10 - the weight for termination assigned to an edge that in 
said path is transmilited through said node is increased 
with respect to the initial weight for termination, and 

- the weight for termination assigned to an edge that in 
said path is terminated at said node is decreased with 

15 respect to the initial weight for termination. 

An example of this will be given by again referring to 
Fig, 4b. If the determined path has a part that leads 
through node 120, where said part comprises edge 111, the 

20 transmission to edge 101 and edge 101, then a new weight 
for transmission Trans (1) is assigned, which is smaller 
than the initial weight, and the new weights for 
termination Term (111) and Term (101) are greater than the 
initial weight. As another example, if the determined path 

25 has a part that comprises edge 111, the termination of 
edge 111, the reentering to edge 101 and edge 101, then 
the weight for transmission Trans (1) is updated to a 
higher value, and the weights for termination Term(lOl) 
and Term (111) are updated to lower values. Finally, as 

30 another example, if edge 101 is terminated at node 120 and 
there is no corresponding reentering at edge 111 because 
node 120 is an end point (i.e. one of the pair of nodes 
between which a path is being determined), then Trans (1) 
is updated to a higher value and Term (101) to lower value. 

35 Term(lll) may remain unchanged in this case, but it is 
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preferable that Term (111) is also updated to a lower 
value . 

Regarding the precise values of the updated weights, 
similar to the corresponding remarks on the precise values 
of the initial weights, the method of the present 
invention is flexible in that any values can be chosen 
that are suitable for the specific requirements of the 
specific configuration task. Preferably, in a transmitted 
path the weight for transmission is updated to zero and 
the weight for termination is updated to a value much 
larger than the initial weight for termination, e.g. to a 
value 1000 times larger, or to the numerically feasible 
equivalent of infinity. Also, in a node where transmission 
can take place to more than one edge, the weight for 
transmission to the edge to which transmission is set in 
said path is updated to zero, whereas the weights for 
transmission to other edges to which the path does not 
transmit are set to a value much larger than the initial 
weight, similarly as with the weight for termination. On 
the other hand, in a terminated path the weight (or 
weights) for transition is preferably updated to a very 
large value, e.g. 1000 times larger than the initial 
value, or to the numerically feasible equivalent to 
infinity, and the weight for termination is preferably 
updated to a value between zero and the initial value. As 
already mentioned, these values are only examples, and the 
invention is by no means restricted thereto. 

Returning now to Fig. 3, the updating in step S5 is 
followed by the choice of another pair of nodes ( again 
step S3) and the repeating of the cycle of path 
determination, updating and choosing of a new pair of 
nodes until a criterion for stopping is fulfilled (step 
S6) . As with the other criteria mentioned above, the 
invention is also flexible with respect to this criterion. 
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as any suitable criterion can be applied. As an example, 
the cycle can be continued until each possible pair of 
nodes has been taken into account, i.e. each consecutive 
cycle chooses a new pair for which an optimum path has not 
yet been determined, until all possible pairs have been 
taken into account. In the case of bi-directional links, a 
pair A-B is equal to a pair B-A, where A and B stand for 
the nodes forming a pair, and in the case of 
unidirectional links, A-B and B-A are two distinct pairs 
that need to be taken into account separately. As another 
example, it is also possible that the cycling stops after 
the pairs derived from a limited number of nodes have been 
taken into account, e.g. in the case of a reconfiguration 
of only a part of a network, said part consisting' of said 
limited number of nodes. 

When the procedure is finished, the configuration is given 
by the weights assigned to the edges. In other words, if 
an edge at a given node has a weight* for termination that 
is lower than the initial weight for termination, then the 
node is set for terminating the corresponding sublink, and 
if the weight for transmission is lower than the initial 
weight, then the corresponding sublink is set to 
transmission. 

The present invention is preferably applied to optical 
networks, such as WDM networks or SDM networks. In a WDM 
network, the independent sublinks comprised in a link are 
constituted by different wavelengths, i.e. the quality for 
discerning the sublinks is the optical wavelength. In an 
SDM network, the independent sublinks are constituted by 
individual fibers having a defined position, i.e. the 
quality for discerning the sublinks is the location or 
position. It should however be clear that the present 
invention is by no means restricted to WDM or SDM 
networks, or to optical networks in general, as it can be 
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applied to any system having several independent sublinks 
in at least some of the links between nodes, where the 
network needs to be configured in the sense that the nodes 
need to be set into a state of termination or transmission 
5 with respect to the independent sublinks attached to said 
node. Naturally, the network can be such that different 
links have a different number of sublinks. 



The terms termination and transmission are used in the 
10 same sense as in the introduction, which is herewith 
incorporated into the disclosure of the invention. In 
other words, the term termination means that a signal can 
be removed from the network, whereas transmission means 
that a signal coming into a node on a sublink must leave 
15 said node on another sublink, i.e. the signal is not 
terminated. 



It should also be understood that the method of the 
present invention can be applied to any topology of a 
20 network, e.g. star, ring, variations of star or ring, or 
any arbitrary set of nodes connected by links. 

The method of the present invention is also highly 
flexible and versatile, as it is not restricted to 
25 specific criteria for optimizing a network. Much rather, 
it has the distinct feature and advantage that any 
suitable or desired set of criteria can be employed, 
depending on the given network and the requirements and 
constraints . 

30 

The first criterion relating to the assignment of weights 
(S2 in Fig. 3) generally depends on the specific type of 
nodes that are represented by the vertices and edges, and 
on the strategy for optimizing the network to be 
35 configured or reconfigured. For example, in a WDM network 
using OADM nodes that do not contain wavelength changing 
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possibilities, if it is desired to preferably keep traffic 
on the optical level, the initial weights for termination 
will be higher than those for transmission, because 
transmission is then preferred to termination. On the 
other hand, if electrical cross-connect nodes (EXC) are 
used in said optical network, then all initial weights for 
edges and vertices representing such EXC nodes will be the 
same, as all incoming signals are converted into 
electrical signals, only that the signals for transmission 
are then reconverted into optical signals and reintroduced 
into the optical network. 



In connection with the above example of EXC nodes in a WDM 
network, attention should again be drawn to the- general 
15 nature of the distinction between termination and 
transmission, that does not depend on the specific nature 
of the network or nodes being configured. As just 
mentioned, the optical signals entering an EXC node are 
all converted into electrical signals, regardless of the 
20 fact if the sublink (in this case wavelength) is 
terminated or transmitted. A signal that is on a 
terminated wavelength can be reconverted into an optical 
signal and reintroduced into the network if the momentary 
traffic control requires this. This process is physically 
identical to what happens to a signal on a sublink set for 
transmission, as this signal is also first converted into 
an electrical signal and later reconverted into an optical 
signal and reintroduced into the optical network. The 
basic difference is however that in accordance with 
30 specific sublinks being set for transmission or 
termination in a node, the signal on the terminated 
sublink can be reintroduced, but also can be permanently 
removed from the network, whereas the signal on the 
transmitted line must be reintroduced, i.e. cannot be 
35 terminated. 
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As the second criterion, i.e. the . choosing of a pair of 
nodes to be taken into account (S3 in Fig. 3) a sorting of 
nodes according to traffic demand between the nodes can 
be used, i.e. the first chosen pair is the pair with the 
highest traffic demand therebetween, the second pair is 
the pair with the second highest demand etc.. In the case 
of an optical network this results in decreased electrical 
processing in the configured network, i.e. the traffic 
load is carried mostly by the optical layer and less by 
the electrical layer (electrical switches), because the 
reintroduction of signals from terminated sublinks into 
the optical network will entail processing on the 
electrical layer that can be avoided if the signal is 
transmitted. On the other hand this means that more 
resources will be used at the optical layer. This is a 
good strategy if the bottleneck in the specific network 
being configured or being reconfigured is the capacity of 
electrical processing facilities. However, the second 
criterion can be any other suitable criterion. For 
example, the step of choosing node pairs can also be done 
by sorting according to distance. The "distance" is the 
number of links that are crossed along a path. This is 
also referred to as the number of "hops", indicating the 
number of nodes over which a signal hops along the path. 
This criterion can be refined by also taking into account 
the physical length of links (and thereby of independent 
sublinks comprised by said link), e.g. when sorting pairs 
having an equal number of hops. The choosing of pairs in 
accordance with distance minimizes the resources at the 
optical layer of the configured (or reconfigured) optical 
network, but increases the amount of electrical 
processing. It is also possible to combine the above 
criteria of sorting in accordance with distance or with 
traffic demand, e.g. by means of a function that is a 
35 linear combination of both with proper weights. However, 
it would equally well be possible to not employ a specific 
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strategy for the second criterion, but to simply 
accomplish the step of choosing pairs by selecting node 
pairs at random. 

As with the first and second criterion, the third 
criterion relating to the determination of a path between 
two chosen nodes (S4 in Fig. 3) can be chosen in 
accordance with the given requirements and constraints of 
the network to be configured. The simplest criterion will 
be to choose the path that has the smallest summed weight, 
i.e. the path among all the possible paths between the two 
nodes, where the sum of the weights along said path is the 
smallest. Another possible criterion would be to modify 
the summed weight by a parameter associated with the 
distance between the two nodes and select the optimal path 
according to said modified quantity. In a general sense, 
the third criterion can be a function of the weights along 
a path, that yields a "cost" of said path. The term "cost" 
relates to a general property, which can be equal to the 
monetary cost, the cost in terms of energy, the cost in 
necessary technical processes (e.g. switching), or other 
definitions. Naturally, this "cost" can also be a 
combination of some or all of the mentioned definitions of 
the term. In the mentioned general sense, the third 
criterion will be to determine the path having the lowest 
"cost". 

When using the simple approach of determining the path by 
finding the path with the lowest summed weight, this path 
can also be termed the "shortest" path (i.e. in this 
specific context, the summed weight of the path is viewed 
as its "length", not to be confused with the above 
mentioned distance) , and the desired path be determined 
with the help of a shortest path algorithm, such as 
Dijkstra's algorithm. A description of this algorithm is 
not necessary, as it is well known in the art, and the 
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present invention, due to its feature of inherent 
flexibility, is not concerned with the specific algorithm 
used for path determination. 

5 During the updating process (S5 in Fig. 3), the weights 
are changed in accordance with the weight and the property 
that the weight relates to, i.e. termination or 
transmission. With regard to the precise numerical values 
for these updated weights, the method of the present 

10 invention again is highly flexible, as these can be chosen 
in accordance with the specific requirements and desires 
accompanying the network to be configured, as well as with 
the specific numerical requirements and constraints of the 
system used for computation. With respect to the teaching 

15 of the present invention, it is clear that the precise 
numerical values of the initial or updated weights can be 
arbitrary, as the inventive method is only concerned with 
the relative change of these weights. 

20 In the following, at first examples will be given of a 
cases in which there is only one possibility of 
transmission, i.e. the transmission from a sublink of one 
quality to another sublink of the same quality. 
Consequently there is only one weight assigned to 

25 transmission. This is the case exemplified in Fig. 4, as 
already described above. The case of a possible 
transmission to more than one other sublink is described 
later . 

30 As an example, the weight for transmission assigned to an 
edge that in a path is set to transmission is preferably 
updated to a far smaller number than the initial weight, 
preferably to zero. On the other hand, the weight for 
termination assigned to an edge that in a path is set to 

35 transmission is preferably updated to a far larger number 
than the initial weight, preferably to the numerically 
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feasible equivalent to infinity, m the context of the 
inventive method, such a large weight means that a 
terminating path will no longer be possible for that edge. 
When an edge along a path is terminated, then the weight 
(or weights) for transmission of that edge is updated to a 
very large value, preferably the numerically feasible 
equivalent to infinity, and the weight for termination 
will be reduced with respect to the initial value, however 
preferably not to zero, but to a value between the initial 
value and zero. The values mentioned above are a preferred 
example, but it should be clear that other values may be 
chosen, depending on the requirements and constraints, as 
already mentioned. 

The method of the present invention can also be applied to 
networks using nodes that are not only capable of being 
set to transmission to one sublink, but also capable of 
being set to transmission to a plurality of sublinks, e.g. 
of connecting one independent sublink of one quality with 
one of a plurality of other independent sublinks of the 
same quality and/or with one of a plurality of other 
independent sublinks of a different quality. An example 
for such nodes are OXC (optical cross-connect) nodes in 
WDM networks, which can terminate an incoming wavelength, 
connect an incoming sublink of one wavelength, with an 
outgoing sublink of the same wavelength, or can connect an 
incoming sublink of one wavelength with an outgoing 
sublink of a different wavelength. This last possibility 
is referred to as wavelength translation. If nodes are 
capable of transmission in the above defined sense, then 
the step of assigning weights to edges must be 
complemented by an assignment of further weights for 
transmission to an edge in a node, namely a respective 
weight must be assigned for each possibility of 
transmitting to another edge. The step of updating the 
weights must be complemented by the updating of these 
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supplementary weights. Except for these complementary 
steps and the fact that the niamber of possible paths 
between two nodes increases, the method of the invention 
is unchanged, as the basic cycle of determining pairs of 
5 nodes, determining a path that is optimal in accordance 
with a given criterion between said nodes and then 
updating the weights for the edges is the same. Again, 
this demonstrates how versatile and generally applicable 
the present invention is. 



Regarding the fourth criterion of ending the cycle of 
determining pairs of nodes, determining a path that is 
optimal in accordance with a given criterion between said 
nodes and then updating the weights for the edges, the 

15 method of the present invention is again highly flexible 
and versatile, as it is not restricted to any specific 
criterion. If the desired configuration relates to the 
entire network, i.e. every node needs to be set, then the 
procedure can be repeated until paths are established 

20 between all the nodes. If only a part of the network is to 
be configured, e.g. in a local reconfiguration, then the 
procedure can be repeated until new paths have been 
established for the concerned nodes. 

25 According to a further embodiment of the invention, in 
systems in which the traffic demand to be routed between 
certain nodes can exceed the transmission capacity of 
certain sublinks, the method contains a supplementary 
measure for taking the transmission capacity of the 

30 sublinks into account. In this embodiment, the 
transmission capacity of each sublink and the traffic 
demand between each pair of nodes is assumed to be known. 
According to the method of this embodiment, the step of 
determining the optimum path between two nodes (referred 

35 to as S4 above) is complemented by eliminating those paths 
from consideration that contain sublinks which do not have 
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enough transmission capacity to handle the amount of 
traffic between the two nodes under consideration. 

This can e.g. be accomplished by first determining an 
5 optimum path as stated above (e.g. based on the summed 
weight) and then checking if each sublink on that path is 
capable of handling the traffic demand assigned to the 
node pair under consideration. If each sublink can handle 
the traffic, then the given path is selected as optimum 

10 and the process continues by updating the weights, whereas 
if the transmission • capacities of one or more of the 
sublinks is exceeded by the traffic demand, then this path 
is discarded and the next best path is chosen (when using 
the summed weight as the criterion, the path having the 

15 next lowest summed weight), and it is again checked if 
each sublink along the path can handle the traffic demand. 
This process is repeated until a path is determined that 
can handle the traffic demand, i.e. containing sublinks 
that have enough transmission capacity for handling the 

20 traffic demand between the nodes under consideration. 
Another possibility is to first check all possible 
sublinks lying between the two nodes under consideration, 
and then determine the optimum path only from those paths 
that contain sublinks capable of handling the given 

25 traffic demand, 

[Best Mode] 

In the following an embodiment of the invention will be 
30 described, which the inventor presently considers the best 
mode of putting the invention to practice. In accordance 
with this embodiment, the method described above and 
explained in Fig, 3 is applied to the task of configuring 
a bi-directional wavelength division multiplexing (WDM) 
35 network. In such a WDM network, the independent sublinks 
are formed by different wavelengths. 
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The defining of a graph is done as explained above, i.e. 
each wavelength in a link corresponds to an edge in the 
graph, parallel edges represent links, and the nodes are 
5 represented by the edges and vertices. 



10 



15 



20 



25 



30 



Then weights are assigned. If the node is an OADM (optical 
add and drop) node, then the assignment corresponds to 
what has been explained in connection with Fig. 4. In 
other words, if the node is an OADM node, then edges 101- 
103 and 111-113 represent individual wavelengths in 
respective links. In the example. 111 would be a 
wavelength in link 11, and 101 would be the same 
wavelength in link 10. In other words, the OADM node can 
only transmit to the same wavelength, i.e. a wavelength 
change is not possible. Therefore, one weight for 
termination and one weight for transmission is assigned to 
each edge. In accordance with the present embodiment, the 
initial weight for termination (e.g. 50) is higher than 
that for transmission (e.g. 25), because, if it is desired 
that traffic remain on the optical layer, transmission -is 
preferred to termination. 

If the node is an OXC (optical cross connect) or EXC 
(electrical cross connect) node, then the assignment of 
weights corresponds to what has been explained in 
connection with Fig. 5. In both cases (OXC and EXC), the 
edges 211-213, 221-223, 231-233 and 241-243 represent 
wavelengths in the links 21, 22, 23 and 24. It is assumed 
that the wavelengths corresponding to edges 211, 221, 231 
and 241 are the same, that the wavelengths corresponding 
to edges 212, 222, 232 and 242 are the same, and that the 
wavelengths corresponding to edges 213, 223, 233 and 243 
are the same. 



35 
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In the case of the example of Fig. 5b, each edge is 
assigned one weight for termination and 11 weights for 
transmission. If the node is an OXC node, then as in the 
case of OADM the initial weight for termination (e.g. 50) 
is set higher than for transmission to another edge having 
the same wavelength (e.g. 25), but the initial weight for 
transmitting to another edge of a different wavelength is 
assigned higher than for transmitting to the same 
wavelength (e.g. also 50), because the changing to a 
different wavelength requires more complicated processing. 
Therefore, the weights for edge 231 would e.g. be 
Term(231)=50; 

Trans (231/211) = Trans (231/221) = Trans (231/241 ) = 25; and 
Trans (231/212) = Trans (231/213) = Trans (231/222) = 
Trans (231/223) = Trans (231/232) = Trans (231/233) = 
Trans (231/242) = Trans (231/243) = 50. 

Weights are similarly assigned to the other edges. 

If the node is an EXC node, then all initial weights are 
the same (e.g. 25) . 

Then, in accordance with the present embodiment, the first 
pair of nodes is chosen in accordance with the average 
traffic demand, i.e. the first pair is the pair having the 
highest traffic demand therebetween. Then an optimum path 
is determined according to the summed weight encountered 
along the path. In accordance with this embodiment, the 
summed weight of a possible path is treated like a length, 
and the path with the shortest length, i.e. lowest summed 
weight, is then determined with Dijkstra's algorithm. 
Should there be several paths having the same summed 
weight, then a supplementary criterion can be employed, 
such as taking the physical distance of the links or the 
number of hops necessary on the physical topology in order 
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to reach one node from the other into account/ or one of 
the paths can simply be chosen at random. 

After the optimum path is determined, the weights along 
5 said path are updated, as explained previously. In the 
present embodiment, the weight for transmission to a 
specific edge is updated to zero for an edge in the path 
that transmits to said specific edge, whereas the weights 
for termination are updated to a very large number (e.g. 

10 10^) in the edges that transmit, and also the weights for 
transmission to edges other than said specific edge are 
updated to a very large number. The weights for 
termination are updated to a value between zero and the 
initial value for termination (e.g. 25) for edges in the 

15 path that terminate, whereas the weights for transmission 
are updated to a very large number (e.g. 10^) in the edges 
that terminate, regardless if the node is an OADM, OXC or 
EXC node. 



20 Then a new pair of nodes is chosen, namely the pair that 
has the second highest average traffic demand and the 
cycle is repeated, where each new pair is chosen in the 
order determined by decreasing average traffic demand, 
until an optimum path has been determined between every 

25 possible pair, where it should be noted that under the 
above assumption of bi-directional links, pairs A-B and B- 
A are treated as one pair. If unidirectional links are 
chosen, then A-B and B-A are treated as two distinct 
pairs . 

30 

The resulting configuration is then given by the weights 
assigned to the edges, i.e. if the weight for termination 
of an edge is set to the low value, then the corresponding 
sublink is configured to be terminated and if the weight 
35 for transmission of an edge to another specific edge is 
set to the low value, then the corresponding sublink is 
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configured to be transmitted to the sublink corresponding 
to the other edge. 

Due to the above choice of node pair selection criterion, 
5 initial weights and updated weights, the resulting 
configuration prefers keeping traffic on the optical 
layer. 

The present invention is not restricted to the above 
10 described embodiments, much rather it is defined by the 
appended claims. Reference numerals in the claims serve 
the purpose of better understanding and do not restrict 
the scope. 
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A method for configuring or reconfiguring a network 
consisting of nodes and links, where at least some of 
said links comprise more than one independent 
sublink, said independent sublinks being discernible 
by a predetermined quality and being capable of 
carrying a signal independently of the other sublinks 
in said link, wherein said nodes connected to said 
links comprising more than one independent sublink 
are capable of at least being set such that each 
independent sublink is terminated at said node or 
transmitted to another independent sublink, said 
method comprising: 

defining a graph in which edges represent sublinks, 
parallel edges represent links that comprise said 
sublinks and vertices and edges represent nodes, 

assigning initial weights to each edge at each node, 
respectively for transmission and termination, 
according to a first predetermined criterion, 

choosing a first pair of nodes according to a second 
predetermined criterion, 

determining a series of said independent sublinks 
forming a specific path between said first pair of 
nodes, wherein said specific path fulfills a third 
predetermined criterion with respect to the other 
possible paths between said first pair of nodes, said 
third criterion for determining a path being 
associated with the weights of the edges along a 
path. 
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updating the weights assigned to the edges forming 
said specific path, for each edge of said path in 
each node along said path, wherein 

- the weight for transmission to a specific edge 
assigned to an edge that in said path is 
transmitted through said node to said specific 
edge is decreased with respect to the initial 
weight for transmission, 

- the weight for transmission assigned to an 
edge that in said path is terminated at said 
node is increased with respect to the initial 
weight for transmission, 

- the weight for termination assigned to an edge 
that in said path is transmitted through said 
node is increased with respect to the initial 
weight for termination, and 

- the weight for termination assigned to an edge 
that in said path is terminated at said node is 
decreased with respect to the initial weight for 
termination, and 

choosing another pair of nodes that is different from 
said first pair, in accordance with said first 
criterion, and repeating said process of determining 
a path, updating the weights and choosing a further 
pair of nodes until a fourth predetermined criterion 
is fulfilled. 



2. The method of claim 1, wherein said network is an 
optical 
35 network. 
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3, The method of claim 2, wherein said network is a 
.space 

division multiplexing network and said predetermined 
quality is the spatial location. 

5 

4. The method of claim 2, wherein said network is a 
wavelength division multiplexing network and said 
predetermined quality is the wavelength. 

10 5. The method of claim 1, wherein according to said 
first 

criterion, the initial weight for transmission to an 
edge corresponding to a sublink of the same quality 
is smaller than the initial weight for termination, 
15 and the initial weight for transmission to an edge 

corresponding to a sublink of the same quality is 
also smaller than the initial weight for transmission 
to an edge corresponding to a sublink of a different 
quality. 

20 

6. The method of claim 5, wherein said initial weight 
for 

termination and said initial weight for transmission 
to an edge corresponding to a sublink of a different 
25 quality are identical. 



7. The method of claim 1, wherein in accordance with 
said 

second criterion, said choosing of pairs of nodes is 
30 done in dependence on the average traffic demand 

between nodes, such that the pair of nodes having the 
largest traffic demand is chosen first, and then 
further pairs are chosen in the order of decreasing 
traffic demand. 
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8. The method of claim 1, wherein in accordance with 
said 

second criterion, said choosing of pairs of nodes is 
done randomly. 

5 

9. The method of claim 1, wherein in accordance with 
said 

second criterion, said choosing of pairs of nodes is 
done in dependence on the distance between nodes, 
10 such that the pair of nodes having the shortest 

distance is chosen first, and then further pairs are 
chosen in the order of increasing distance, said 
distance being one of the physical distance and the 
number of hops between the nodes. 

15 

10. The method of claim 1, wherein in accordance with 
said 

second criterion, said choosing of pairs of nodes is 
done in dependence on a function of the traffic 
20 demand and the distance between nodes, said distance 

being one of the physical distance and the niomber of 
hops between the nodes . 

11. The method of claim 1, wherein in accordance with 
25 said 

third criterion said specific path is selected from 
all the possible paths between said nodes as the path 
having the smallest summed weight. 

30 12. The method of claim 1, wherein during the step of 
updating 

said weights 



35 



- the weight for transmission to a specific edge 
assigned to an edge that in said path is transmitted 
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through said node to said specific edge is decreased 
to zero, 

- the weight for transmission assigned to an edge 
that in said path is terminated at said node is 
increased to the numerically feasible equivalent of 
infinity, 

- the weight for termination assigned to an edge that 
in said path is transmitted through said node is 
increased to the numerically feasible equivalent of 
infinity, and 

- the weight for termination assigned to an edge that 
in said path is terminated at said node is decreased 
to a value between the initial weight for termination 
and zero. 

13. The method of claim 1, wherein in accordance with 
said 

fourth criterion said process is repeated until each 
possible pair of nodes has been taken into account. 

14. The method of claim 1, wherein in accordance with 



fourth criterion said process is repeated until a 
predetermined set of pairs of nodes has been taken 
into account. 

15. The method of claim 1, wherein said step of 
determining a 

series of independent sublinks forming a specific 
path between given nodes comprises the step of only 
determining such a series, in which each sublink has 
a transmission capacity large enough to handle the 
traffic demand between said given nodes. 
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16. A device for configuring or reconfiguring a network 

consisting of nodes and links, where at least some of 
said links comprise more than one independent 
5 sublink, said independent sublinks being discernible 

by a predetermined quality and being capable of 
carrying a signal independently of the other sublinks 
in said link, wherein said nodes connected to said 
links comprising more than one independent sublink 
10 are capable of at least being set such that each 

independent sublink is terminated at said node or 
transmitted to another independent sublink, said 
device comprising: 

15 a means for defining a graph in which edges represent 

sublinks, parallel edges represent links that 
comprise said sublinks and vertices and edges 
represent nodes, 

20 a means for assigning initial weights to each edge at 

each node, respectively for transmission and 
termination, according to a first predetermined 
criterion, 

25 a means for choosing a first pair of nodes according 

to a second predetermined criterion, 

a means for determining a series of said independent 
. sublinks forming a specific path between said first 

30 pair of nodes, wherein said specific path fulfills a 

third predetermined criterion with respect to the 
other possible paths between said first pair of 
nodes, said third criterion for determining a path 
being associated with the weights of the edges along 

35 a path. 
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a means for updating the weights assigned to the 
edges forming said specific path, for each edge of 
said path in each node along said path, wherein 

- the weight for transmission to a specific edge 
assigned to an edge that in said path is 
transmitted through said node to said specific 
edge is decreased with respect to the initial 
weight for transmission, 

- the weight for transmission assigned to an 
edge that in said path is terminated at said 
node is increased with respect to the initial 
weight for transmission, 

- the weight for termination assigned to an edge 
that in said path is transmitted through said 
node is increased with respect to the initial 
weight for termination, and 

- the weight for termination assigned to an edge 
that in said path is terminated at said node is 
decreased with respect to the initial weight for 
termination, and 



25 



a means for choosing another pair of nodes that is 
different from said first pair, in accordance with 
said first criterion, and repeating said process of 
determining a path, updating the weights and choosing 
30 a further pair of nodes until a fourth predetermined 

criterion is fulfilled- 
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